Materials and Methods
Formulation and processing of blood sausages Fresh pork meat (M. biceps femoris, M. semitendinosus, and M. seimembranosus muscle) were purchased from a pilot plant at local market, Korea 48 h postmortem. All subcutaneous and intramuscular fat and visible connective tissue were removed from the fresh ham muscles. Pig skin and blood were also collected from the slaughter house. The epidermis and dermis (inner skin and outer skin) of pig skin were used. For each batch (5 kg), preparation process of blood sausages was presented in Fig. 1 . Total of three replicates of blood sausage processing (3 batches) was conducted.
Pig skin pre-treatment: 20% pig skin was soaked in various natural vinegars (Bokbunja, brown rice, cider, and lemon vinegar) in ratio 2:3 (pig skin:vinegar) at a controlled pH of 2.80±0.01 for 24 h and then washed in distilled water until the wash water had above pH 6. Commercial bokbunja vinegar (Chungjungone, Seoul, Korea; pH 2.71), brown rice vinegar (Ottogi, Anyang, Korea; pH 2.62), cider vinegar (Beksul, Incheon, Korea; pH 2.79), and lemon vinegar (Beksul; pH 2.65) were purchased from a local market. The SPS was preheated to 80 o C for gelatin extraction during 30 min (center temperature of cooked SPS: 75±1 o C) and then ground through a 3 mm plate. The pig skin of the control sample did not undergo the swelling process.
The SPS and lean meat were mixed using the following process. The formulation included 65% lean pork meat, 20% preheated SPS, 5% pork back fat, 5% pork blood, 5% meat stock, 2% isolated soy protein (ISP), 1.5% nitrite pickle salt (NPS), 0.5% sugar, 1% monosodium L-glutamate (MSG), 2.5% onion, 2% garlic, 0.3% ginger, and 0.2% black pepper. The addition amounts of preheated SPS based on weight before swelling. The lean pork meat, boiled fat (70 o C, 30 min) and pork blood were ground through a 3 mm plate, and then the preheated SPS, extracted gelatin, meat stock, ISP, NPS, sugar, MSG, onion, garlic, ginger, and black pepper were added. This mixture was stuffed into hog casings (approximate diameter of 30 mm) using a stuffer (IS-8; Sirman, Marsango, Italy). The percentages were based on the control formula weight. The blood sausages were then cooked in a smoker (MAXI 3501; Kerres, Backnang, Germany) at 80 o C for 50 min, cooled at room temperature for 1 h and stored at 4 o C prior to analysis.
Chemical composition The chemical properties of the samples were determined using standard (15) . The moisture content was determined based on the weight loss after 12 h of drying at 105 o C in a drying oven (SW-90D; Sang Woo Scienctific Co., Bucheon, Korea). Fat content was determined by the Sohxlet method with a solvent extraction system (Soxtec Avanti 2050 Auto System; Foss Tecator AB, Höganas, Sweden). The protein content was determined by the Kjeldahl method with an automatic Kjeldahl nitrogen analyzer (Kjeltec 2300 Analyzer Unit; Foss), and ash content was determined according to the AOAC (15).
Swelling yield Pig skin was weighed (500 g) and soaked in various natural vinegars at a controlled pH of 2.8, for 24 h and then rinsed until the wash water had a neutral pH. The percentage swelling yield was calculated from the weights after straining the rinsed pig skin through a sieve for 10 min and weighing.
pH values
The pH values of the samples were determined using a pH meter (Model 340; Mettler-Toledo GmbH, Schwerzenbach, Switzerland). The pH of the blood sausages was measured after blending 5 g of sample with 20 mL of distilled water for 60 s in a homogenizer (Ultra-Turrax SK15; Janke & Kunkel, Staufen, Germany).
Cooking loss The meat mixture was weighed (80 g) and stuffed into hog casings and then heat processed at 80±1 o C for 50 min. After cooling for 30 min, the cooked blood sausages were weighed and the percentage cooking loss was calculated from the weights.
Cooking loss (%)= [(weight of sausage before cooking−weight of sausage after cooking)/ weight of sausage before cooking]×100
Color measurement Color measurements were taken using a colorimeter (Chroma meter CR-210; Minolta, Tokyo, Japan; illuminate C), calibrated with a white standard plate CIE L* =97.83, CIE a*= −0.43, CIE b*= +1.98), consisting of an 8 mm diameter measuring area and a 50 mm diameter illumination area. The color values (CIE L*, a*, and b*) were measured on sample surfaces.
Texture profile analysis (TPA) Samples were cooked as previously described. The cooked blood sausages were cooled at room temperature for 1 h and the textural properties were measured. The textural properties of each sausage were measured using a spherical probe (5 cm), attached to a texture analyzer (TA-XSK1i; Stable Micro System Ltd., Surrey, UK). The test conditions were as follows: stroke, 20 g; test speed, 2.0 mm/s; and distance, 20.0 mm. Data were collected and analyzed in terms of hardness (N), springiness, cohesiveness, gumminess (N), and chewiness (N) values.
Thiobarbituric acid reaction substance (TBARS) values Lipid oxidation was assessed using a method described by Tarladgis et al. (16) . The absorbance was measured at 538 nm (Libra S22; Biochrom Ltd., Cambridge, England), against a blank prepared with distilled water (5 mL) and TBA-reagent (5 mL). The K value was calculated using 1,1,3,3,-tetraethoxypropane (Sigma-Aldrich, St. Louis, MO, USA) as the standard and TBARS values were calculated by multiplying the absorbance values by the K values.
Sensory evaluation Twenty-four 24 semi-trained panelists (aged 20-55 years) were recruited from faculty and students who had previous descriptive analysis experience with meat and meat products. The sensory evaluation was performed in meat science laboratory under white fluorescence lighting. Panelists were instructed to cleanse their palates between the samples testing with water. The samples were cooled to room temperature at 25±1 o C, cut and served to the panelists in random order. The color, flavor, tenderness, juiciness, warmed-over flavor, vinegar flavor, and overall acceptability of the samples were evaluated using a 10-point descriptive scale (1=extremely undesirable, 10=extremely desirable).
Statistical analysis For each batch, there are 5 treatments (1 kg/ treatment) and all measurements were conducted at least three times for each experimental condition. All values were presented a means±standard error (SE). An analysis of variance for chemical composition, swelling yield, pH values, cooking loss, dolor, TPA, sensory property data was performed on all the variables measured using the General Linear Model (GLM) procedure of the SAS statistical package (17) . The Duncan's multiple range test (p<0.05) was used to determine the differences among treatments.
Relationship between chemical composition and texture profile analysis was assessed using the simple linear regression procedure with Microsoft® Excel 2010 (Microsoft, Redmond, WA, USA).
Results and Discussion
Chemical composition Moisture content ranged from 45.01 to 60.80% and fat content ranged from 15.72 to 27.04% (Table 1 ). The SPS with various natural vinegars had higher moisture and lower fat content (p<0.05) than control. These results might be due to hold moisture and flow out fat during swelling. The protein and ash contents of control were the highest (p<0.05) among all the treatments.
Acid pre-treatment of the pig skin enabled swelling and collagen solubilization due to the break down of non-covalent protein bonds (18) . The SPS with cider vinegar had the highest (156.6%) swelling yield because cider vinegar has higher degree of peptidization of collagen in pig skin compared to other treatment (19) , whereas the SPS with Bokbunja vinegar had the lowest (152.4%) swelling yield.
Application of various natural vinegars in swelling process effected on chemical composition of SPS except for ash content (p<0.05) ( Table 2 ). The moisture content of samples with added SPS was higher than samples without SPS probably because the SPS had more moisture during swelling. Osburn et al. (5) reported that adding water to the pig skin connective tissue gel process increases the moisture content in bologna containing pig skin connective tissue gel. Treatment with SPS resulted in a significantly lower fat and protein content than treatments without SPS, suggesting that soluble fat was washed out in the rinse step and increase of moisture content resulted in decrease of protein content, relatively. The addition of SPS did not have a significant effect on the ash contents.
Physico-chemical analyses The cooking loss of blood sausage containing SPS with natural vinegar ranged from 5.05 to 5.93% (Table  3) . A significant difference (p<0.05) was observed in the cooking loss of blood sausages containing SPS treated brown rice and cider vinegars when compared to the control (4.83%). This was probably due to fact that the higher swelling yield resulted in an additional moisture content that could be lost during cooking. Samples containing SPS with brown rice and cider vinegar that had the highest (p<0.05) swelling yield also had the highest (p<0.05) cooking loss among the treatments. In spite of the swelling processing, the meat product samples containing SPS with Bokbunja and lemon vinegars had similar (p>0.05) cooking loss to samples without swelling step. Table 3 shows the pH, and L*, a*, and b* values of blood sausages containing SPS with various natural vinegars. The pH values (6.22) of meat product sample with no SPS were the highest of all treatments. (5) found that the addition of pig skin connective tissue increases the lightness of bologna. Mac Dougall et al. (21) reported that the L* values are related to the hemoglobin content. However, L* values were not affected by hemoglobin content because same amount of pork blood was added to all treatments in this study. The control had the lowest a* values because it had the highest fat content. Other treatments containing SPS with various natural vinegars had a redder color (p<0.05) than that of the control. Similar results have been reported for frankfurters, which had higher a* values with decreasing fat content (22) . No significant differences were observed in the b* values between the control and samples containing SPS and various natural vinegars. The color of a meat product is one of the most important quality factors when consumers make meat product purchasing decisions (23) . However, color of blood sausages is not substantial factor in this study because the meat samples containing blood are changed to black by cooking.
The texture profile of a meat product can be changed by the moisture, fat content, condition of the raw materials, the kinds of additives used and thermal protein denaturation by cooking (24) . Previous study reported that adding gelatin from pig skin collagen may be desirable for texture, and consumer preference in meat products (25) . The TPA of blood sausages containing SPS with various natural vinegars is presented in Table 3 . Samples containing SPS with various natural vinegars were softer (p<0.05) compared to that of the control. The softer texture of the blood sausage containing SPS with various natural vinegars may have resulted from the swelling yield of the pig skin and moisture content. Similar results were reported by Jones (26), who found that adding collagen to a meat product formulation resulted in a softer texture due to the dilution of the strong binding myofibrillar proteins in the meat product. Moreover, moisture content found to be negatively correlated (r=0.69, slope= −0.59; p<0.001) with hardness in blood sausages (Table 4) . Samples containing SPS with brown rice and lemon vinegar had the highest springiness (p<0.05) and the control had the lowest springiness (p<0.05) because of lowest moisture content in all treatments. Table  5 indicated springiness related with moisture (r=0.58, slope=17.66) and fat content (r=0.46, slope= −2.06) with significant correlation on blood sausage. In other words, the increase in swelling yield, having higher moisture content, of pig skin may have resulted in a softer texture and higher springiness with significant (r=0.69, slope= −0.59; p<0.001) (r=0.58, slope=17.66; p<0.05) correlation. Li et al. (27) found that increasing the water content resulted in a decrease in the cohesiveness. In this study, there was no significant correlation between moisture content and cohesiveness. However, we found significant (r=0.26, slope=7.10; p<0.05) correlation between fat content and cohesiveness. Gumminess values for the control and samples containing SPS with brown rice vinegar were significantly higher (p<0.05) than those of other treatments. The results related with moisture and fat content had a significant (r=0.44, slop= −1.29; p<0.05) (r=0.58, slop=0.23; p<0.05) correlation for the gumminess. Sausage samples containing SPS with brown rice vinegar had the highest chewiness (2.42 N) (p<0.05) of all treatments. Totally, Addition of SPS with brown rice and lemon vinegars greatly improved TPA properties on blood sausages.
TBARS values
We found that the TBARS values of blood sausages containing SPS with various natural vinegars ranged from 0.22 to 0.37 mg MDA/kg meat ( Table 3) , suggesting that adding blood may have accelerated oxidation of the meat product. Brewer et al. (28) reported that fresh meat has about 0.15-0.2 mg MDA/kg meat. In this study, the control had the highest TBARS values (p<0.05), whereas treatments containing SPS and Bokbunja, brown rice, and lemon vinegars had the lowest (p<0.05) TBARS values. These results indicate that components in various natural vinegars, including polyphenols, flavonoids, and vitamin C have lipid oxidation inhibition activity. Park and Chin (29) found that the Bokbunja extract, which contains antioxidants such as polyphenols and anthocyanins, decreased TBARS values in pork patties.
Sensory evaluation No differences in color were observed between the control and treatments containing SPS and various natural vinegars (Table 5 ). This may have occurred because of the darker color of the meat product with blood. Moreover, the addition of SPS and various natural vinegars did not affect the flavor in any of the treatments. However, the addition of SPS and various natural vinegars contributed to a decrease (p<0.05) in the warmed-over flavor of blood sausages when compared to the control. In other words, the flavor of the various natural vinegars may have reduced the warmed-over flavor by cooking the blood. However, sausage samples containing SPS with cider and lemon vinegars had the highest (p<0.05) vinegar flavor. Samples containing SPS with brown rice and cider vinegars, which had the highest swelling yields, were significantly more tender and juicier than the other samples. blood sausage samples containing SPS with brown rice and Bokbunja vinegars had higher (p<0.05) overall acceptability scores than treatments with raw pig skin. Sadler and Young (30) noted that panelists preferred sausages with preheated beef tendon to sausages containing raw tendon in the sensory texture and overall acceptability analysis. Blood sausages containing SPS with cider and lemon vinegars had no significant differences in overall acceptability compare to control. This result might be because strong vinegar flavor gave negative effects to panels on overall acceptability. Therefore, we conclude that adding SPS with various natural vinegars to the blood sausage formulation can improve the quality characteristics and warmed-over flavor of blood sausages. Future studies would examine the effect of SPS and various natural vinegars on inhibiting lipid and protein oxidation in blood sausages during chilled storage.
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